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(57) ABSTRACT

A method for transmitting real time data packets 1in a cyclic
communication system, each transmission cycle having a first
partial cycle (IRT-Z) for a real time communication portion
and a second partial cycle (NR1-7) for a non-real-time com-
munication portion. The method includes determination
(118) of a cycle number and processing of a transmission
sequence of real time data packets in the first partial cycle.
The transmission sequence 1s composed of one or more par-
tial sequences (1, 2, 3, 4, 5), and the composition depends on
the cycle number.
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FIG. 2
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METHOD FOR TRANSMITTING REAL-TIME
DATA MESSAGES IN A CYCLIC
COMMUNICATIONS SYSTEM

This 1s a Continuation of International Application PCT/
DE02/03434, with an international filing date of Sep. 13,
2002, which was published under PCT Article 21(2) n Ger-

man, the disclosure of which 1s incorporated 1nto this appli-
cation by reference.

FIELD AND BACKGROUND OF THE
INVENTION

The present invention relates generally to a method for
transmitting real-time data packets 1n a cyclic communication
system having transmission cycles that can be used for both
real-time communication and non-real-time communication.
More particularly, the invention relates to a corresponding
communication system and a user of such a communication
system.

A synchronous, clocked communication system with equi-
distance properties 1s a system that consists of at least two
users iterconnected via a data network for the purpose of
mutually exchanging data or mutually transmitting data. The
data exchange occurs cyclically 1n equidistant communica-
tion cycles that are predefined by the communication clock
used 1n the system.

Users are, for example; central automation devices; pro-
gramming, configuration or operating devices; peripheral
devices, such as, input/output modules, drives, actuators, sen-
sors, stored program controllers (SPCs) or other control units;
and computers or similar machines that exchange electronic
data with other machines, 1n particular, process data of other
machines. Users are also referred to as network nodes or
simply nodes.

The term control units as used hereinafter means closed
loop or open loop control units of any kind, for example,
coupling units (so-called switches) and/or switch controllers.
The data networks used are, for example, bus systems, e.g.,
field bus, Profibus, Ethernet, Industrial Ethernet, FireWire or
PC-internal bus systems (PCls), etc., in particular, Isochro-
nous Realtime Ethernet.

Data networks enable communication among a plurality of
users through networking, 1.e., the connection of the indi-
vidual users among each other. Communication means the
transmission of data between users. Data to be transmitted 1s
sent as data messages, 1.e., data 1s bundled into a plurality of
packets and 1n this form 1s sent over the data network to the
corresponding recipient. Such packets are known as data
packets. The term data transmission as used 1n this document
1s completely synonymous with the alorementioned trans-
mission ol data messages or data packets.

U.S. Pat. No. 6,055,242 (°242) discloses a method and a
device using a Broadband Link Protocol (BLP), which sup-
ports the use of a plurality of mteractive and non-interactive
digital services by means of HFC networks. In accordance
with the method disclosed 1in the *242 patent, synchronous
transier mode (STM) information, variable length (VL) infor-
mation and asynchronous transier mode (ATM) cells can be
transmitted.

In distributed automation systems, €.g., in the field of drive
technology, specific data must arrive at specific times at the
destined users and be processed by the recipients. This type of
data transfer 1s often referred to as real-time critical data or
data tratfic because the failure of the data to arrive on-time at
the destination leads to undesirable results with respect to the
user. This contrasts with non-real time critical, e.g., Internet-

10

15

20

25

30

35

40

45

50

55

60

65

2

based or intranet-based, data communication. In accordance
with IEC 61491, EN61491 SERCOS Interface—Briet Tech-
nical Description, which can be viewed, for example, at the
following website: http://www.sercos.de/pdi/sercos_kurzbe-
schreibung_de_ 0202.pdf, successiul real-time critical data
traffic of the alorementioned type can be guaranteed 1n dis-
tributed automation systems.

Today, automation components, (e.g., controls, drives,
etc.) generally have an iterface to a cyclically clocked com-
munication system. An operation level of the automation
component known as fast cycle, (e.g., position control in a
control unit, torque control of a drive) 1s synchromized to the
communication cycle. This determines the communication
clock. Other, low-performance algorithms, known as slow
cycle (e.g., temperature controls) of the automation system
can likewise only communicate with other components (e.g.,
binary switches for fans, pumps, etc.) via this communication
clock, although a slower cycle would be sutficient. Using only
a single communication clock for transmitting all the infor-
mation in the system places high demands on the bandwidth
of the transmission path.

A peripheral 1image 1s composed of a sum of data sets
exchanged with other automation devices through real-time
communication. Data sets recerved by an automation device
through real-time communication are mput data. Data sets
sent by an automation device through real-time communica-
tion are output data. In an automation device, input data are
processed 1n a cyclically-called application program and out-
put data are generated. The application program can be com-
posed of a plurality of different functions that work with
different data sets at different times. It 1s not necessary to call
all the functions of the application program 1n each applica-
tion cycle. As aresult, not all input data 1s processed and new
output data 1s generated in each application cycle.

Until now, 1n cyclic real-time communication, all the data
ol a peripheral image have been exchanged in each commu-
nication cycle, regardless of whether the mput data were
processed or new output data generated in each application
cycle.

OBJECTS OF THE INVENTION

Thus, an object of the present mvention 1s to provide an
improved method for transmitting real-time data packets via
a cyclic communication system, particularly Realtime Ether-
net, as well as a corresponding improved communication
system and a user of such a communication system.

SUMMARY OF THE INVENTION

The above and other objects of the mnvention are attained,
respectively, by the features of the corresponding indepen-
dent claims. Preferred embodiments of the invention are set
forth 1n the dependent claims.

According to the invention, a transmission cycle 1s divided
into a partial cycle for the planned real-time communication
and another partial cycle for the unplanned non-real-time
communication. The transmission sequence to be processed
in a partial cycle for the real-time communication 1s not static
for all transmission cycles but 1s dynamically programmable
as a function of the cycle number.

According to a preferred embodiment of the vention,
various partial sequences are predefined for the partial cycle
for the real-time commumnication. A transmission sequence to
be processed 1n a current partial cycle 1s dynamically com-
posed of the predefined partial sequences as a function of the
cycle number. As a result, 1t 1s possible according to the
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invention that not all transmission sequences contain all the
occurring data packets, but that data packets whose user data
has not changed can be omaitted.

According to another preferred embodiment of the inven-
tion, the transmission sequence 1s configured as a receive
sequence and/or a send sequence of a user of the communi-
cation system.

According to yet another preferred embodiment of the
invention, the division of a transmission cycle into a partial
cycle for the real-time communication and a partial cycle for
the non-real-time communication 1s adapted to the transmis-
s10n sequence that 1s currently to be processed. This makes 1t
possible to minimize the length of the partial cycle for the
real-time communication required to process the transmis-
s10n sequence 1n each transmission cycle, such that a maxi-
mum length remains for the second partial cycle for the non-
real-time communication.

According to another preferred embodiment of the imnven-
tion, the transmission sequence 1s generated from a dynamic
transmission list, which includes the predefined partial
sequences of real-time data packets to be transmitted and
conditional control commands. The conditional control com-
mands include conditional jumps or stop commands, with the
condition being based on the cycle number.

According to another preferred embodiment of the inven-
tion, a communication system 1s used such as the system
disclosed 1n German Application DE 100 38 524.8. Such a
communication system enables a mixed operation of real-
time critical and non-real-time critical, particularly Internet-
based or Intranet-based, data communication.

This enables both real-time critical (RT) and non-real-time
critical (NRT) communication in a switchable data network
consisting of users and coupling units, e.g., a distributed
automation system, through cyclic operation. In a so-called
transmission cycle, there 1s at least one range for transmitting,
real-time critical data and at least one range for transmitting,
non-real-time critical data for all the users and coupling units
of the switchable data network, such that the real-time critical
communication 1s separated from the non-real-time critical
communication.

Since all the users and coupling units are always synchro-
nized to a common time basis, the corresponding ranges for
transmitting data occur at the same instant for all users and
coupling umits, 1.e., the real-time critical communication
takes place chronologically independent of the non-real-time
critical communication and 1s, therefore, not influenced by
the latter. The real-time critical communication 1s planned in
advance. The mput of the data packets at the original sender
and their forwarding by means of the coupling units involved
1s time-based. Intermediate storage 1n the corresponding cou-
pling units makes 1t possible to shift Internet-capable non-
real-time critical communication that occurs spontaneously
at any time to the transmission range of a transmission cycle
provided for the non-real-time critical communication and to
transmit 1t only 1n that range.

A transmission cycle 1s divided, for example, 1nto a first
range provided for the transmission of the real-time-critical
data and a second region provided for the transmission of the
non-real-time critical data. The length of the depicted trans-
mission cycle symbolizes 1ts length 1n time, which advanta-
geously lasts between one microsecond and ten seconds
depending on the application.

The duration of a transmission cycle can be changed, but 1t
1s defined at least once before the instant of data transmaission,
¢.g., by a control computer, and 1s equally long for all the
users and coupling units of the switchable data network. The
duration of a transmaission cycle and/or the duration of the first
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range provided for the transmission of the real-time critical
data can be changed at any time, e.g., at fixed instants planned
in advance and/or after a planned number of transmission
cycles, preferably prior to the start of a transmission cycle.
For this purpose, the control computer switches, for example,
to other planned real-time critical transmission cycles.

In addition, the control computer can at any time during the
ongoing operation of an automation system re-plan the real-
time communication depending on the requirements, which
also makes 1t possible to change the length of a transmission
cycle. The absolute length of a transmission cycle 1s a mea-
sure of the time quota or the bandwidth of the non-real-time
critical communication during a transmission cycle, 1.e., the
time that 1s available for the non-real-time critical communi-
cation. For example, the non-real-time critical communica-
tion for a transmission cycle of 500 usec has a bandwidth of
30% and at 10 msec a bandwidth of 97%.

In the first range provided for the transmission of real-time
critical data, a certain time period 1s reserved for sending data
packets to organize the data transmission before the actual
real-time critical data packets are sent.

The data packets for organizing the data transmaission con-
tain, for example, data for time synchronization of the users
and coupling units of the data network and/or data for detect-
ing the topology of the network. After these data packets have
been sent, the real-time critical data packets are sent.

Because the real-time communication can be planned 1n
advance due to the cyclic operation, the send instants or the
forwarding instants of the real-time critical data packets are
known before the start of data transmission for all the real-
time critical data packets to be transmitted. In other words, the
duration of the range for transmitting non-real-time critical
data 1s automatically determined by the duration of the range
for transmitting real-time critical data.

The advantage of this arrangement 1s that only the neces-
sary transmission time for the real-time critical data traific 1s
used. After completion of this data traffic, the remaining time
1s automatically available for the non-real-time critical com-
munication, e.g., for the non-plannable Internet communica-
tion or for other non-real-time critical applications.

It1s particularly advantageous that the duration of the range
for transmitting real-time critical data 1s determined, respec-
tively, by the connection-specific data to be transmitted. In
other words, the duration of the two ranges 1s determined for
cach individual data connection by the respectively necessary
amount of data of the real-time critical data to be transmitted.
As a result, the time division of the two ranges for each
individual data connection can differ for each transmission
cycle. Only the necessary transmission time for the real-time
critical data traffic 1s used. The remaining time of a transmis-
sion cycle 1s automatically available for the non-real-time
critical communication, €.g., for the non-plannable Internet
communication or for other non-real-time critical applica-
tions for all users of the switchable data network.

Because the real-time communication 1s planned 1n
advance 1n such a way that the real-time critical data packets
arrive at the corresponding coupling units no later than by the
forwarding instant, or earlier, the real-time critical data pack-
cts can be sent or forwarded without a time gap. As a result of
this densely packed sending and forwarding the available
time 1s optimally used. It 1s of course also possible to include
send pauses 1l necessary between the transmission of the
individual data packets.

According to a preferred embodiment of the invention, a
switched network has at least two users, e¢.g., a drive and a
control computer, each with integrated coupling units and an
additional user without coupling unit, which are intercon-
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nected by data connections. The coupling units each have
local memories, which are connected with the users via inter-
nal interfaces. The users exchange data with the correspond-
ing coupling units via the interfaces.

Within the coupling units, the local memories are con-
nected with the control units via data connections. The con-
trol units receive data or forward data via the internal data
connections from or to the local memories or via one or more
of the external ports. Because the method of time synchroni-
zation 1s used, the coupling units always have a common,
synchronous time basis.

If a user has real-time critical data, the corresponding con-
trol unit fetches these data at the planned instant during the
range reserved for the real-time critical communication via
the corresponding interface and the local memory and sends
them to the next connected coupling unit via the provided
external port. If another user sends non-real-time critical data,
¢.g., for an Internet query, at the same time, 1.e., during the
real-time critical communication, the control unit receives
these data via the external port and forwards them to the local
memory via an 1ternal connection where they are interme-
diately stored.

From the local memory, these data are fetched only during
the range reserved for non-real-time critical communication
and are forwarded to the recipient. In other words, they are
shifted into the second range of the transmission cycle, which
1s reserved for the spontaneous non-real-time critical com-
munication. Interference with real-time communication 1s,
thus, avoided.

If 1t 1s not possible to transmait all intermediately stored
non-real-time critical data during the range of a transmission
cycle provided for the transmission of the non-real-time criti-
cal data, the data are intermediately stored in the local
memory of the corresponding coupling unit until they can be
transmitted during a range provided for the transmission of
the non-real-time critical data of a later transmission cycle.
Interference with the real-time communication i1s again
excluded 1n any case.

The real-time critical data packets arriving in the control
unit of the associated coupling unit via corresponding data
connections through the external ports are immediately for-
warded via the corresponding external ports. This 1s possible
because the real-time communication 1s planned in advance,
such that for all real-time critical data packets to be transmit-
ted, the send and receive instant, all the coupling units
involved as well as all forwarding instants and all the recipi-
ents of the real-time critical data packets are known.

Advance planning of the real-time communication also
ensures that no data collisions occur on the data connections.
The forwarding instants of all real-time critical data packets
from the corresponding coupling units mvolved are likewise
planned 1n advance and are thus uniquely defined. The arrival
of the real-time critical data packets 1s therefore planned 1n
such a way that the real-time critical data packets arrive 1n the
control unit of the corresponding coupling unit no later than
by the forwarding instant, or earlier. The problem of tuzzy
timing, which 1s particularly noticeable in long transmission
chains, 1s thereby eliminated. As described above, this
enables simultaneous operation of real-time critical and non-
real-time critical communication in one and the same swit-
chable data network as well as any connection of additional
users to the switchable data network without interference
with the real-time communication itself.

By applying the above-described principle, the real-time
data that are cyclically exchanged between nodes (e.g., open-
loop controls, closed-loop controls, etc.) are located 1n a
peripheral image memory and are cyclically processed by an
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application program that runs on the node. This cyclic pro-
cessing 1n each cycle can occur synchronously to the com-
munication cycle, or to the multiple of a commumnication
cycle. In controls, processing of real-time data may also be
done asynchronously to the communication cycle. It 1s not
absolutely necessary for all real-time data of a peripheral
image to be exchanged 1n a communication cycle.

Thus, the invention makes 1t possible that not all data of the
peripheral image must be exchanged in each communication
cycle. This can in particular have the following advantages:

The communication cycle 1s substantially faster than the
change frequency of the data, e.g., temperature data, 1n the
peripheral image. According to the invention, the transmis-
sion of data packets with unchanged user data can be elimi-
nated by dynamically adapting the transmission sequence.

All the data of the peripheral image are not processed 1n
cach communication cycle by an application program. The
application program can, for instance, consist of several func-
tions, which are not executed 1n each communication cycle.
Even if user data of a data packet change, these data may
possibly not be required because the application program
may be executing a different function at the time.

In an Isochronous Realtime Ethernet (IRTE), a very high

bandwidth can be provided for the standard Ethernet commu-
nication in the NRT time range.

According to a preferred embodiment of the invention, the
communication system disclosed in the German Application
DE 100 58 524.8 1s further refined such that the real-time
range or the 1sochronous real-time (IRT) range of a transmis-
s1on cycle 1s divided into partial sequences. The IRT range of
a transmission cycle 1s heremnafter referred to as the macro-
cycle and the partial sequences as the microcycles.

In each macrocycle certain real-time data from the periph-
eral image must be exchanged. Job lists are provided to send
the real time data cyclically. A job list 1s composed of linked
control structures. Fach control structure of the job list
describes what data from the peripheral image 1s to be sent to
whom and at which point 1n the commumication cycle. The
job list also contains additional control structures, which
determine whether other real time packets are to be sent in the
current communication cycle or whether the end of the pro-
cessing of the job list has been reached for the current com-
munication cycle.

Control commands 1n the job list can be used to control
which real-time data are transmitted 1n which 1sochronous
communication cycle. In an Isochronous Real-Time Ethernet
(IRTE) coupling unit, there 1s a job list, respectively, at each
send and recerve port for the IRTE communication.

It 1s furthermore particularly advantageous that the dis-
closed methods can be used 1n automation systems, particu-
larly 1n packaging machines, presses, plastic injection mold-
ing machines, textile machines, printing machines, machine
tools, robots, handling systems, wood processing machines,
glass processing machines, ceramics processing machines as
well as lifting equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

The preferred embodiments of the imvention will now be
described, by way of example, with reference to the drawings
in which:

FIG. 1 1s a block diagram of an embodiment of a user
according to the invention,

FIG. 2 1s an embodiment of a dynamic transmission list
with partial sequences and conditional control commands,
and
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FIG. 3 illustrates the dynamic division of successive trans-
mission cycles.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows a user 100 of an 1sochronous, cyclic commu-
nication system in which transmission cycles can be divided
into an IRT part and an NRT part. The communication system
has other users, which are 1n principle structured 1n the same
manner as the user 100.

The user 100 has various send and/or receive ports 102,
104, 106 and 108. Via the ports 102 to 108 the user 100 sends
and/or receives real-time and non-real time data packets from
other users of the communication system.

The user 100 has an application program 110 that imple-
ments, for example, an open loop or closed loop process. For
open loop or closed loop control, the program 110 continu-
ously requires user data and for this purpose accesses the
memory 112. The program 110 also stores output data 1n the
memory 112. Accordingly, the memory 112 1s also referred to
as a communication memory.

The user 100 further has a module 114, which 1s used to
generate a transmission sequence of IRT data packets to be
sent or received 1n a transmission cycle. The module 114 1s
assigned to the port 102. Pretferably, each port of the user 100
has a dedicated module 114.

The module 114 has a number of partial sequences of data
packets to be sent or recerved. These partial sequences are
stored 1n the module 114 as microcycles 1, 2,3, . ... Eachof
these microcycles 1, 2, 3, . . . consists of a list of data packets
to be sent or received. Each entry in the list includes the
identifier of the respective data packet and an address for the
corresponding user data in the memory 112.

The module 114 further has a logic portion 116, which 1s
made available, for example, by a correspondingly pro-
grammed microprocessor or by an application-specific inte-
grated circuit (ASIC). The logic portion 116 1s linked to a
cycle counter 118.

During operation of the user 100, the logic portion 116
accesses the current counter status of the cycle counter 118 to
determine the cycle number of the subsequent transmission
cycle. Based on this cycle number, the logic portion 116
compiles the transmission sequence to be processed 1n the
IRT part of the subsequent transmission cycle by selecting
one or more of the microcycles 1, 2, 3, ... and compiling them
into the transmission sequence.

The composition of a current transmission sequence con-
s1sting of microcycles 1, 2, 3, . . . to be processed 1n a trans-
mission cycle 1s thus not static but dynamically depends on
the cycle number. In this manner, the type and number of the
data packets to be transmitted 1n the IRT part of the commu-
nication cycle varies depending on the change frequency of
the user data and/or the requirements of the program 110.

FI1G. 2 shows an embodiment of the module 114 of FI1G. 1.

In the embodiment of FIG. 2, the module 114 (FIG. 1) 1s
based on a dynamic transmission list 120, which contains the
microcycles 1, 2, 3, . . . as well as other conditional control
commands.

In the example considered here, the transmission list 120
starts with the micro cycle 1, which 1s followed by a control
command 122.

The control command 122 1s followed by the microcycle 2,
which in turn 1s followed by the control command 124. This
1s Tollowed by the microcycle 3, the control command 126,
the microcycle 4, the control command 128 and the micro-
cycle 5.
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Each of the control commands contains one or more con-
ditional jumps 1n the transmission list 120 and/or a condi-
tional stop. Each condition depends on the cycle number.

For example, the control command 122 includes a condi-
tional jump 130 to the microcycle 4 and a conditional jump
132 to the microcycle 2 as well as other conditional jumps,
which for the sake of clarity are not depicted 1n FIG. 2.

FIG. 3 illustrates the dynamic composition of the transmis-
101 sequences 1n successive transmission cycles.

Microcycles 1 to 5 are symbolized by different hatchings.
The transmission cycles with the cycle number O, 1 and 2 are
represented along the time axis t. In FIG. 3 the corresponding
transmission cycles are labeled 1sochronous cycle Z, ., 1so-
chronous cycle Z, ,, isochronous cycle Z, ,,....

Each of the isochronous cycles is composed of a partial
cycle for the real-time communication “IRT-Z"" and a partial
cycle for the non-real-time communication “NRT-Z.”

The partitioming of an 1sochronous cycle into the IRT part
and the NRT part dynamically depends on the cycle number.
For example, the IRT part of the 1sochronous cycle Z, ,
consists of the microcycles 1 and 4, which make up the
macrocycle 134. This 1s followed by the NRT part of the
transmission cycle, which fills the remaiming time in the
transmission cycle within cycle number O.

This corresponds to a processing of the transmission list
120 starting with the microcycle 1. Thereatter, the control
command 122 1s executed, 1.e., because of the cycle number
“0,” a conditional jump 130 (ci. FIG. 2) to the microcycle 4.
The control command 122 then terminates the transmission
list 120 for the cycle with the cycle number O.

Correspondingly, the macrocycle 136 of the subsequent
1sochronous cycle with the cycle number 1 1s composed of the
microcycles 1, 2 and 3. Thus, the jump 132 (ci. FIG. 2) occurs
in the macrocycle 136 of the transmission cycle with the cycle
number 1.

In contrast, the macrocycle 138 of the transmission cycle of
the cycle number 2 1s composed of the microcycles 1 and 5.
The subsequent transmission cycle of the cycle number 3 has
the macrocycle 140 with the microcycles 1 and 4.

The above description of the preferred embodiments has
been given by way of example. From the disclosure given,
those skilled in the art will not only understand the present
invention and its attendant advantages, but will also find
apparent various changes and modifications to the structures
and methods disclosed. It 1s sought, therefore, to cover all
such changes and modifications as fall within the spirit and
scope of the invention, as defined by the appended claims, and
equivalents thereof.

What 1s claimed 1s:

1. A method for transmitting real-time data packets 1n a
cyclic communication system, wherein each of a plurality of
transmission cycles has a first partial cycle for transmitting
real-time communication and a second partial cycle for trans-
mitting non-real-time communication, the method compris-
ng:

pre-planning the real-time communication before the com-

munication starts:

determiming a cycle number of a particular transmission

cycle; and

processing a transmission sequence of real-time data pack-

ets within the first partial Cycle of the particular trans-
mission cycle,

wherein the transmission sequence 1s composed ol one or

more partial sequences, the composition of which
depends on the cycle number determined for the particu-
lar transmission cycle,
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wherein the cycle number determines which of the partial
sequences are transmitted 1n the particular transmission
cycle, and

wherein the pre-planning comprises defining a duration of

cach of the plurality of transmission cycles.

2. A method as claimed in claim 1, wherein times for
torwarding each of one or more real-time critical data packets
are planned 1n advance.

3. A method as claimed in claim 1, wherein the transmis-
s101 sequence 1s a recerve sequence or a send sequence of a
user of the commumnication system.

4. A method as claimed 1n claim 1, wherein a length of the
first partial cycle 1s selected as a function of the transmission
sequence.

5. A method as claimed 1n claim 1, wherein the transmis-
s10n sequence 1s generated from a dynamic transmission list
comprising one or more partial sequences and one or more
conditional control commands, wherein a corresponding con-
dition for each of the conditional control commands 1s based
on the cycle number of the particular transmaission cycle.

6. A user of a cyclic communication system that 1s operable
to transmit one or more transmission cycles each of which has
a first partial cycle for real-time communication and a second
partial cycle for non-real-time communication, wherein the
real-time communication is pre-planned 1n advance before
the communication starts, the user comprising:

means for determining a cycle number of a particular one

of the transmission cycles; and
means for processing a transmission sequence within a first
partial cycle of the particular transmission cycle,

wherein the transmission sequence 1s composed of one or
more partial sequences the composition of which
depends on the cycle number of the particular transmis-
s10n cycle,

wherein the cycle number determines which of the partial

sequences are transmitted in the particular transmission
cycle, and

wherein a pre-planning of the real-time communication

comprises defining a duration of each of the plurality of
transmission cycles.

7. A user as claimed 1n claim 6, wherein the transmission
sequence 1s configured as a receive sequence or a send
sequence of the user.

8. A user as claimed 1n claim 6 further comprising means
for selecting a length of a first partial cycle of the particular
cycle as a function of the transmission sequence.

9. A user as claimed in claim 6, further comprising means
for generating the transmission sequence irom a dynamic
transmission list which further comprises one or more partial
sequences and one or more conditional control commands,
wherein a corresponding condition for each of the conditional
control commands 1s based on the cycle number of the par-
ticular transmission cycle.

10. A cyclic communication system with at least a first and
a second user, wherein each of one or more transmission
cycles has a first partial cycle for real-time communication
and a second partial cycle for non-real-time communication,
wherein the real-time communication i1s pre-planned in
advance before the communication starts, and the first and the
second users comprise:

means for determining a cycle number of a particular trans-

mission cycle; and
means for processing a transmission sequence in the first
partial cycle of the particular transmission cycle,

wherein the transmission sequence 1s composed of one or
more partial sequences the composition of which
depends on the determined cycle number,
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wherein the cycle number determines which of the partial
sequences are transmitted 1n the particular transmission
cycle, and

wherein a pre-planning of the real-time communication
comprises defining a duration of each of the plurality of
transmission cycles.

11. A cyclic communication system as claimed 1n claim 10,
wherein the transmission sequence 1s configured as a receive
sequence or a send sequence.

12. A cyclic communication system as claimed 1n claim 10,
further comprising means for selecting a length of a first
partial cycle as a function of the transmission sequence.

13. A cyclic communication system as claimed 1n claim 10,
further comprising means for generating the transmission
sequence from a dynamic transmission list which turther
comprises one or more partial sequences and one or more
conditional control commands, wherein a corresponding con-
dition for each of the conditional control commands 1s based
on the cycle number of the particular transmission cycle.

14. A communication system operable to 1sochronously
transmit data between respective users during transmission
cycles, the system comprising:

a network operable to connect the users;

an application program corresponding to a first user;

a memory portion corresponding to the first user and oper-
able to store user data to facilitate control of the first user,
and output data to be transmitted over said network to a
second uset;

a cycle counter corresponding to the first user and operable
to count the transmission cycles corresponding to a com-
munication between the first user and the second user:
and

a processing portion corresponding to the first user and
operable to determine a number of a subsequent trans-
mission cycle,

wherein the output data 1s transmitted from the first user to
the second user during the subsequent transmission
cycle which 1s divided 1nto a real-time partial cycle and
a non-real-time partial cycle 1n amanner that depends on
the cycle number determined by said processing portion,

wherein the cycle number determines which of the partial
sequences are transmitted 1n the subsequent transmis-
s1on cycle,

wherein a real-time communication 1s pre-planned belore
the communication starts, and

wherein a pre-planning of the real-time communication
comprises defining a duration of the transmission cycles.

15. A communication system as claimed 1n claim 14,
wherein the real-time partial cycle comprises one or more
microcycles and a transmission sequence of the one or more
microcycles 1s dynamically programmed based on the cycle
number determined by said processing portion.

16. A communication system as claimed 1n claim 135,
wherein the transmission sequence 1s predefined prior to
commencement of the communication between the first and
second users.

17. A communication system as claimed in claim 14,
wherein the network comprises a network based on at least
one of FieldBus, Profibus, Ethernet, Industrial Ethernet,
FireWire, PC-internal bus systems (PCls) and Isochronous
Realtime Ethernet.

18. The method as claimed 1n claim 1, wherein, based on
the planning of the real-time communication, only updated
data of the real-time data packets 1s transmitted 1n the trans-
mission cycles.

19. The method as claimed 1n claim 18, wherein the real-
time data packets comprise a peripheral image and wherein
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unmodified portions of the peripheral image are not transmit-
ted 1n the real-time communication cycle.

20. The method as claimed 1n claim 5, wherein the condi-
tional control commands utilize the cycle number to 1dentify
which ones of the partial sequences are to be transmitted in
the particular cycle.

21. A method for transmitting real-time data packets 1n a
cyclic communication system, wherein each of a plurality of
transmission cycles has a first partial cycle for transmitting
real-time communication and a second partial cycle for trans-
mitting non-real-time communication, the method compris-
ng:

planning the real-time communication;

determining a cycle number of a particular transmission

cycle; and

processing a transmission sequence of real-time data pack-

ets within the first partial cycle of the particular trans-
mission cycle,

wherein the transmission sequence 1s composed of one or

more partial sequences, the composition ol which
depends on the cycle number determined for the particu-
lar transmission cycle,

wherein the cycle number determines which of the partial

sequences are transmitted in the particular transmission
cycle, and

wherein each partial cycle for transmitting real-time com-

munication comprises microcycles, and

wherein only isochronous real-time communication 1s

transmitted 1n the microcycles.

22. The user as claimed 1n claim 6, wherein each partial
cycle for real-time communication comprises microcycles,
and

wherein only 1sochronous real-time communication 1s

transmitted in the microcycles.
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23. The cyclic communication system as claimed 1n claim
10, wherein each partial cycle for real-time communication
comprises microcycles, and

wherein only 1sochronous real-time communication 1s
transmitted 1n the microcycles.

24. A communication system operable to 1sochronously
transmit data between respective users during transmission
cycles, the system comprising:

a network operable to connect the users;

an application program corresponding to a {irst user;

a memory portion corresponding to the first user and oper-
able to store user data to facilitate control of the first user,
and output data to be transmitted over said network to a
second user;

a cycle counter corresponding to the first user and operable
to count the transmission cycles corresponding to a com-
munication between the first user and the second user:
and

a processing portion corresponding to the first user and
operable to determine a number of a subsequent trans-
mission cycle,

wherein the output data 1s transmitted from the first user to
the second user during the subsequent transmission
cycle which 1s divided 1nto a real-time partial cycle and
a non-real-time partial cycle 1n amanner that depends on
the cycle number determined by said processing portion,

wherein the cycle number determines which of the partial
sequences are transmitted 1n the subsequent transmis-
sion cycle, and

wherein each partial cycle for real-time communication
comprises microcycles, and wherein only 1sochronous
real-time communication 1s transmitted in the micro-
cycles.
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